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I. INTRODUCTION 


Oe ee ee ee 


- 


Miiitary engineering Officer if a pragram or coroject 


Tt 


OFFICe wovtld probably never be called an tO pPBrenare a 


caomceptual design af 


1 


heiicopter, But he may weil oe 


- FT 
jas 


r 


required ta evaluate a proposal submitted by a coMmmner 


contractor. 


iTi 
ie 


The requirement for such an evaiuatian might be stat 


i 
1 


Determine if this design meets or exceeds the 
performance factors listed on the next pace and 
if tne desian can be changed ta optimize the 
performance. 


WI 


There are several approaches one could use to compiete thi 
CASk .» One could use a hand held calculator and enter tia 
A for the many equatians, or one coula writ® aA oroagram 
for a micro Gr main frame computer to produce the reguireé: 
inrarmakian. Hoth these options are iaborious and time- 
consuming. By choosing the first option, ane may be abie ta 


camplete the task in two or three weeks or if it is decidea 


Loowrite a program, one may finish if ane week providedc that 
there are no “Bugs”. 
The best solution of course, is to USE an H1stina 


program which can determine the necessary information for 


Phe specification parameters. In addition, this program 


as 
jenn! 


Should be able to show what happens if certain parameters 


are alioweaq to vary, thus providing the formation for 
optimization. 
The abjective of this thesis was to develop such a 


program that will Graphicaliiy represent power reqiirements, 


endurance velocity, rate of climb, range velocity, nover 
ceiling and service ceiling all as a functian of main rotor 
radius for four difrerent cases. The graphs that resuit 


fradv tnis program snould enable one not ontiy to evaluate th 


ui 


fl 


basic Hheticapt 


IT 


r design, But aiso to make recommendatian 


For design improvement. 
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II. AFFROACH TO THE FROBLEM 


Six performance factors (fpOwer Fequirements, enduran 


mM 
iti 


Ch 


Velocity, rate of climb, range velocity, hover ceiling an 


Jl 
fl 
7 
< 
pa. 
rl 
ud 
rl 


Belling) were determined to be major in designing of 


a helicopter. In order to obtain estimates for these, a 
rortran program was to be written to be wised with “DiSsrPLA" 
(Dispiay Integrated Saftware System and Fiatting 


Language) ,tRerf. lJ, toa plot the resuits oF the performance 


Nn 


Faltors Versus Main rotar radius aon either a screen or as et 


mara copy from tne main frame compute. 
The equations required for calculating these factors 
Were coteined from "Helicopter Ferformance",(Rer. elias ee 


"Helicopter Design Manual", CRer. 2), Both written py Donaid 


ie Layton. These equations were examined and tnen a@raiived 
TOr the purpose of writing subroutines ta ensure an 
effective use of computer time. The result was six suidbrau- 


las 


tines, Sub-group 4A, [Appendix BI, are used in ait the 


performance calculations. Sub-group & consist at: 


i. RAO —- Calculates density fram pressure altitude and 
temperature oar given density altitude. Also determines 
Bressire and temperature ratia for aititude versus sea 
level. 

es VELMA - Calcuiates induced velocity for main rota. 

ive VELTR -—- Calculates induced velocity for tail rotor. 
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4. FOWME - Caictilates power requirements for main 
hOeer Soha 


ae POWTR - Calculates power requirements for tai: 
rotor ana total aircrart. 
5S. CONST - Caiculates general constants ta Ge tised in 


the first five subroutines listed above. 


Tn adoition to the subroutines listed above, six mare. 
Sub-group BR, CReeendix BJ, were written to perform ithe 
mecessary iterations to caicuiate tne performance factors. 
Some of Sub-group 8 subroutines were iterated in steps 
(0) sn ie et) S50 that ait would not require extensive 
computer time ta obtain the desired results. A final eiaht 


subroutines, Sub-group C, CAppendix BI, were written to pint 


aa 


the resuits using DISSFLA. 


The orogram takes into account neither compressibiiity 


Sens bi ace sean These considerations were omitted Sanice 


C 


this program was aimed at facilitating preiiminary decisi1 


Making For a new design, rather than a final proadmuictian 


in 
~ 
El 
a 
a) 
UI 


Gesian, and usuaily the blade selected for a new dé 


[en From an existing helicopter. 


III. SOLUTION TO THE PROBLEM 


The program reguires input data priar to compiling ana 


| 
t 


set 


ni 
J 
I" 
natn, 


Sx Ecutian. Ta demonstrate how to use the program 


SamGie Gata was usec. Table 115 a listing oF the requirea 


IJ 


J) 


input Gata for the program. 


Table 1 
Sample Data for Use in Frogram 

Main Rotor Tail Rotor 
ARagius 26.30 ft ie oie 
Chord Te Se eat eal +t 
Rotationai veiocity 2/.0 rad/sec 124.6 radg/sec 
CoerFficient of drag 0.0908 0.006 
NumDper Of Blades ‘4 + 


6beneral Helicopter Data 


Weignt 2O000C,G 165 
Tall 600m length er: Sark 
Effective flat Plate area (foOrwara) 2omee IsG FT 
Efrective flat plate area (vertical) Stee SG yt 
Main rotor height above skids or wheeis i ee 
Aircraft velocity (power caicuiations only) FOo.90 kts 
Fius/minus (+/-) value for main rotor radius 4.60 ft 
Engine Data 
Number ar engines eS 
Snaft horsepower output (military) 1561.0 shp 
Snatt horsepower autput (normal) 121¢.0 snp 
Shaft horsepower output (cruise) 939.0 ship 
Specitic fuel consumption (military) 0.46 lbs/shp/nhr 
Specific fuel consumption (normal ) 0.47 lbs/shp/inir 
Specific fuel consumption (cruise) O.31 lbs/shpa/inr 


AS indicated in Table 1, a valué@ is inputted for the 


ran@ge over which you wish toa examine the main rotor radius. 


Hy 


The example uses a value of four (4.0) feet. This vaiue 2 


assigned to a variable called "ditt". The program was 


au 


15 scale or the piot to Ge 


“we 


written ta aliaw the A-A 
adgjusted in accordance with any vaiue you miaht choose -+rar 


cCales can aiso change Baseg on the 


iy 


ge ae The Yraxis 
Maviniin ana minimum values for the performance factor being 


Suns. ot eu. 


Certatn assumptions had to be made 1n order to writs 
the oragraim. Tabie 2 fists these assumptions ang Ffacturs 
usec ana the line number in the program where the factors 
can be changed if needed. 

Table 2 
Assumptions Made in the Froaram 
Assumption Factar Line Number 
Single Mast Helicopters NA NG 
GCnly Rectangular Blades NA NA 
Pratije Fower Factor os 10/794e es 
Ground Effect Factor 1.6 PSS 
Transmission & Accessory Losses 
Joengine SHF = (# ENGsESHF-10.90) «0. 97 260,730,907 
= engines SHF = (# ENG*ESHF-10.0)*0.9%0.97 361,751.88 
3S engines SHF = (# ENG*ESHF-10.0)*0.7*#0.94 342,782.889 


ENG: Engine, ESHF: Engine shaft horsepower, 
SHF: Rotor Shaft horsepower 


the Transmission ana Accessory Losses were calculated basec 
on 3 i0ss of ten (10) horsepower for the accessaries, ten 


percent (10%) for multiple engine installation, and three 
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TRe secongGary goal of the thesis was ta sxamine 7o5u0r 
C4) Cifferent cases invaliving main rotor Radius, Chord, 


Rotatiana: Velocity, Tip Velocity, AGvance Ratic, ana 


pea 
= 


able = shows how these variables were usec 


Case Use of Variables 


Radius Chord Rotational Advance Tip SGiqGicv 
Veiocity Ratio Velocity 
Case 1 V 1G C V Vv i 
Case = Vv & V le: . Vv 
(ase 3 V V C V V eB 
Case 4 V Vv V i e C 
Ys VARIES C : HELD CONSTANT 


leis 


Advance Ratio, Tip Velocity. and Solidity when Heid canstan 


keep their values at the specification conditions, The 
Values of Chora and Rotational Velocity were allawec te. 
vary when Advance FRatia, Tip Veiocity, or Soiidity were heia 


The graphs cansist of two (2) plots representing the 


same data but presented in different ways. The ieft hana 


i 


Piot shows the actual performance factor vaiue versus main 
rotor radius. Figure 2.1 shows an example using power 


"2quired versus main rotor radius, Case il. 


P2aceu) 


a 
an) 
Cc 
oO 
Cy. 
2B 
YY) 
a 
=m 
ijm 
Ga 
__) ; ji 
a O LEGEND 
re Oo TAIL ROTOR. POWER _ 
OG _ MAIN ROTOR POWER 
Oc TOTAL POKER 
C.J 
me 
Ge 
Cleese) 
O 
a8) 
GN 
= 
Ge) 





2225 32500). 27 Sree O Omens 
RADIUS OR Pie aise Gia 


Figure 3.1 Example of Left Hand Plot 


The right hand plot shows the values of the performance 
factors based on a percent difference from the value at the 
specification conditions versus a percent difference of the 
radius from the radius specification. Figure 2.2 shows an 


example of power required (% change) versus radius of the 


main rotor (% change), Case 1. 
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Figure 3.2 Example of Right Hand Flot 
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IV. RESULTS 


The program will generate a total oF thirty two ¢€32) 


Giots. The first twelve (12) pertain to power requirements. 


hi 


This incliides inGuced, orafiie, mG perasSite power for cone 


fas aot 


main rotor; and induced and profile power for the tai 


ndicete a relation between the power terms af 


fast 
ih 


the main rotar the figure of merit (induced divided By tre 


sum Of tne induced and profile power) 15 included. The sus 


{ay 
=) 
rt 
5 
nt 
ich 
it! 
a 
= 
Ul 
i 
e 


otal power) tor the main and tail rotor was 


ct 


= 


inciucged with the tatal power required for the aircraf ne 


remaining twanty (260) plots are tor the performance factor 


il 


OF eEendirance velacity, rate ot climb, range velacity. fiover 


ceiling and service ceiling. 
The data for this particular model (UH-60A) was used to 


Gilusterate the features of the pragram and the resuits 


presented are typicai for this example only. The 
Specitications of any madgeti or design can be used 45 Iona as 
the assumption of a single-mast Hhelicapter with rectanGguiar 


Hbiades is followed. 
The plots created by the program represent the resuits 
of varying the main rotor radius, chord ar rotational 


Velocity. To example how to interrupt the results, the far 


b 
Tl 

jamal 
Cl 


ts for Maximum Rate of Climb will be analyzed. Table 


4 compares the results in relation to rate of climb, radius 
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Sxpiained in Tatbie 2 and the Figures 


Tabie 4 
Case Evaluation of Maximum Rate of Climb Fiat 

Case Figure Rate of Radic Percent 
Rererence Climb ¢Fft/sec? re Tncrease 

1 ot Lox! ar gee + 0,130 

& ae ~668 <4. —- 6,154 

= fos, -7O0 20, 6. + *L8O 

4 4,4 ey foe GS —- 5.00 


From examining Table 4, 1t would be best ta increase the 


radius to 20.42 feet while holding the chord to 1.75 feet. 


the tio velocity to 722.6 ft/sec (radius times roteationai 


YEelocity!), Chanaing the rotational velocity toa Pee Feta 
rad/sec, ana calculating solidity from radius and chore. 
This. NoOwever, may not Ge the best answer if there is a 
Limitation to the radius of the blade. For this partictiiar 
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ne optimum Sorution may be to leave the gesign 


fi 
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me 1S. Tnhcreasing or decreasing the radius by Smail amount 


isl 


goes iittie to increase or cgecrease the rate of ciimb. 


One must not only look at one factor if making the finai 
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Figure 4.4 Example Maximum Rate of Climb —- Case 4 
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V. CONCLUSIONS 


The oabjective of this thesis to design a program that 
evaiuates a Given set of Helicopter design values was 
aACCOMOULiISned. The orogram wiil generate thirty two (32) 


cr 


Qreapbns af six (65) performance factors for any singie-mas 


neiicopter. TRE program does aAliGw for Gone to optimize a 
Gesian through the Svaiuation oF the variatican oF parameters 


Tor each perrormance factor. 
At thas puint, the program takes into account neither 


ctors woul cd 


“tH, 
fli 


Toamnmpressibility nor blade stall. These 


imurove the estimations ang may prove tao be aA wWorthwrii 


iT! 


project for further work. Other points which could tse 


rahe 


examined are twin-blade and no-taii-rotor helicapters. ; 


the points mentioned above, blage design would orobabiy he 


or most importance since Llittie has been done to examine tie 
aptimization of Blade twist and composite structures af 
Hhiades, 
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